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ABSTRACT 
Antagonistic activity of three species of Trichoderma and their isolates viz., T. viride,T. 
harzianum and T. hamatum against Aspergillus flavus, A. fumigatus, A. niger, A. terreus and Fusarium 
oxysporum of Sorghum vulgare was studied. In vitro studied were carried out in both dual culture 
technique and blotter test method. In dual culture technique the T. harzianum was most antagonistic ones 
to the seed-borne fungi followed by T. viride and T. hamatumin vitro condition. The result shows that 
maximum inhibition zone was created by T. harzianumagainst A. terreus, F. oxysporum, A. niger, A. 
Fumigatus and A. flavus. The less effective antagonistic activity in dual culture technique was recorded T. 
viride against all seed-borne fungi. T. harzianum antagonistic isolate as well as the commercial biocide was 
applied as seed treatment for controlling seed-borne mycoflora under Blotter test in vitro and Pot 
experiment in vivo conditions. It was observed that maximum seed germination and maximum shoot and 
root length recorded with A. flavus and T. harzianum combination in Pot experiment. Experiment shows, 
that T. harzianum antagonistic isolate was able to significant reduction in seed-borne mycoflora than T. 
virideand T. hamatum in Sorghum vulgare. 
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1) INTRODUCTION 
Sorghum vulgare is the fifth most important cereal crop in the 
world after wheat, rice, maize and barley [1]. It is found in the 
arid and semi-arid parts of the world, due to its feature of 
being extremely drought tolerant. Sorghum is grown from 
seed and sorghum seed has been found to be readily infected 
by various pathogens. Sorghum seeds caused by fungi are of 
poor quality [2,3], reducing their acceptability and thus, the 
market value of the produce. Grain mold causes crop loss by 
reducing seed size and weight, the food value and keeping 
quality of grains [4,5}. Many of the diseases that cause 
reduced yields in sorghum have seed-borne phases. Seed 
borne inoculum therefore, has severe implications for yield, 
seed production and distribution systems, trade, human 
nutrition and germplasm. The management of these pathogens 
during the seed-borne phase is considered to be the cheapest 
disease control strategy [6].Through, seed-borne mycoflora 
can be reduced by seed treatment with fungicides but they do 
not persist for the whole cropping season.  
The use of chemical fungicides is being discouraged in recent 
year due to environmental pollution and rising costs. Methyl 
bromide is a good example for a very efficient soil fumigant 
that has a great impact on the environment and has been 
recently phased out to the public concern and international 
agreements [7]. Therefore, the use of bio fungicides and an 
integrated approach to pathogenic fungi control have become 
necessary. Bio fungicides are biodegradable (environment-
friend), non-toxic, cost-effective and helps in increasing the 
nutritional value of soil.  
The use of antagonistic fungi against seed-borne mycoflora 
like A. flavus, A. fumigatus, A. niger, A. terreus and F. 
oxysporum has been investigated as one of the alternative 
control methods. Three antagonistic fungi are wild spread 
throughout the world and have been recognized as the most 
successful biocides agents for pathogenic mycoflora several 
mod of action of efficient bioagents on reducing diseases have 
been described, including competition for nutrients, antibiosis, 
resistance, mycoparasitism, plant growth promotion and 
rhizospheric colonization capability [7-12]. Studies on the 
antagonistic effect of fungi (T. viride, T. harzianum and T. 
hamatum) were employed against seed-borne mycoflora on 
seeds of S. vulgare. It was investigated that T. harzianum 
showed most effective antagonistic effect against seed-borne 
mycoflora while T. hamatum and T. viride, showed no 
inhibition against the above seed-borne mycoflora. 
Management of toxigenic mycoflora associated with seeds of 
S. vulgare through biocontrol agent T. harzianum may be safe, 
long lasting and ecofriendly. Therefore, in the present 
investigation, relative efficacy of biocontrol of seed-borne 
mycoflora was assessed under laboratory conditions. 
2) MATERIALS AND METHODS 
Seed-borne fungal culture: Seed samples of pennisetusm 
americanum (CSH 6) were collected Bikaner, Jaipur, Jodhpur, 
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Nagaur and Sikar districts of Rajasthan. Detection of internal 
and external seed-borne mycoflora was carried out by standard 
Blotter techniques and Agar plate (PDA) methods [13]. 
Preliminary microscopic examination of the mycoflora 
isolated showed that they could be classified under two 
genera, i.e. Aspergillus and Fusarium. Aspergillus and 
Fusarium isolates were purified by plating single conidial 
spores [14]. 
Antagonistic fungal culture: The antagonistic fungal culture 
namelyTrichoderma harzianum, T. viride and T. hamatum 
were obtained from culture collection centre, Department of 
Plant Pathology, IARI, New Delhi. The cultures were maintain 
on PDA medium by monthly subculturing and prevent in the 
refrigerator at 4ᵒC.  
In vitro screening antagonistic effect: The study was carried 
out employing a “Dual culture test” method [15]. The isolates 
of the seed-borne fungi and antagonistic fungi were grown in 
petri-dishes. In this study, the agar discs of 3 mm diameter 
size were cut from the margins of three days old vigorously 
growing cultures of antagonistic and seed-borne fungi and 
were inoculated 3 cm apart in triplicate in petri-dishes 
containing 15 ml each of PDA medium and incubated for 5 
days at 28°C. Controls were also maintained along with them. 
The interactions between seed-borne fungi and antagonistic 
fungi were assayed using a key based on the observations of 
Skidmore and Dickinson and categorized into five separate 
modes of interaction of colony growth [16]. 
Grade  
A = Homogenous  
B = Overgrowth 
C = Intermingling growth 
D = Checking of growth at line of contact 
E = Aversion  
Interaction between the two fungal colonies was examined 
with the help of microscope. The comparisons were made with 




C = Growth in control (mm) 
T = Growth in treatment (mm) 
I = Inhibition of fungal growth 
Effect of biocontrol agents on seed-borne mycoflora: In this 
experiment, technique for suspension preparation in the same 
as used in dual culture test. Seed pelleting method – fungal 
spore were count using hemocytometer and spore 
concentration adjusting to 15X103 conidia/ml 10 seeds were 
pelleted with 3 ml. Spore suspension for each seed-borne 
fungi for 30 minutes following by carboxyl methyl cellulose 
(0.2%w/v) for 50 second and them dried in shade, After 
drying, the seeds were pelleted with 3 ml of spore suspension 
of antagonistic fungi for 30 minutes followed by 
carboxymethyl cellulose (0.2% W/V) for 50 seconds and dried 
in shade. In case of control unionculated seeds were dipped 
only in carboxyl methyl cellulose solution, 
One hundred seeds of S. vulgare (for each treatment and 
uninoculated control) were placed on moisture blotter paper in 
sterilized Petri-plate@ 10 seeds et al per plate and incubated at 
28oC for 10 days [13]. After incubation percent germination of 
seeds, root and shoot length of seedling were measured. 
Experiment: S. vulgare seeds were pelleted by the seed-borne 
fungi individually and in combination with the antagonistic 
fungi as described earlier. Treated seeds were sown in earthen 
pots containing garden soil. The soil was sterilized by 
autoclaving. The antagonistic treated seeds (four per pot) were 
shown in each pot at a depth of 3 cm. pot were out   treatment 
served as control. Four replicated pots were for each 
treatment. Pots were water daily to maintain the field capacity.  
Effect of seed coating was recorded on seed germination. The 
plants were harvest after 90 days and growth parameter like 
root and shoot length, root and shoot dry weight were 
recorded. 
Simultaneously, population colony forming unit (cfu) of seed-
borne fungi and antagonistic fungi individually, per gm of soil 
was determined at a dilution of 10-3 by dilution plate technique 
on PDA medium. The number of individual colonies 
appearing on each culture plate on the 4th day determined the 
number of colony forming unit (cfu) per gm of soil. 
3) RESULT AND DISCUSSION  
In vitro studies indicated that only antagonistic bacterium 
Trichoderma inhibited the growth of the seed-borne fungi with 
different degrees of inhibition. The maximum inhibition of 
mycelial growth of A. flavus77.77% (grade D) has been with 
T. harzianum followed by 71.42% (grade D) with T. viride and 
65.71% (grade D) with T. hamatum. T. harzianum showed 
maximum inhibition of mycelial growth of A. 
fumigatus75.71% (grade B). Similarly, inhibition of mycelial 
growth of same fungus was recorded 71.42% (grade D) with 
T.virideand 67.77% (grade D) with T. hamatum. The 
maximum inhibition of mycelial growth of A. niger 71.42% 
(grade D) was obtained with T. harzianum followed by T. 
viride and T. hamatum which inhibited the mycelial growth by 
64.44% and 54.28% respectively (grade D). T. harzianum 
showed maximum inhibition of mycelial growth of A. 
terreus55.55% (show grade B). Similarly, 51.11% of mycelial 
growth inhibition was recorded with T. viride (grade B) and 
46.66% (grade B) with T. hamatum. Maximum inhibition of 
mycelial growth of F. oxysporum68.88% (grade B) was 
recorded with T. viride, 64.66% (grade B) with T. harzianum 
and 57.14% (grade B) with T. hamatum. Results were also 
supported by other workers too [17, 18]. 
T. harzianum was most effective inhibitor of the above seed-
borne aspergillis showing antagonism by checking the growth 
of fungi at the line of contact. The effect of T. harzianum was 
followed by T. virideand T. hamatum in inhibiting the seed-
borne fungi.  
The results obtained exhibited two types of antagonistic 
properties viz; Grade-D, checking of growth at the line of 
contact and grade-B, overgrowth exhibited by the antagonistic 
fungi against the seed-borne fungi. All the tested antagonistic 
fungi minimized the growth of the seed-borne fungi. Among 
all, T. harzianum was most effective in controlling the growth 
of Aspergillus spp. and F. oxysporum by suppressing the 
sporulation at the site of influence. The study reveals that a 
biological control mechanism exists between the tested 
antagonists and seed-borne fungi and that the selected 




or seeds for effective control of the incidence of seed-borne 
Aspergillus spp. and Fusarium oxysporum [19-27].  
In the present study, the bioagent evaluated under DCT were 
further tested in blotter test as biological seed dressing agents 
against seed-borne mycoflora of S. vulgare [22]. Several 
combinations of T. harzianum, T. viride, T. hamatum with A. 
flavus, A. niger, A. fumigatusand A. terreus were 
experimented. Results revealed that the combination of 
Trichoderma harzianum+ A. niger recorded highest seed 
germination (68.0%) and growth in terms of shoot length (7.4 
cm) and root length (5.8 cm) in comparison to single 
inoculation treatment of A. niger and uninoculated control. 
The next best performance of seed germination was recorded 
in the combination of A. niger + T. viride (61.0%) followed by 
A. flavus+ T. harzianum (60.0%) and A. fumigatus+ T. 
harzianum (56.0%). The combination of T. hamatum with 
Aspergillus species did not contribute much to seed 
germination and growth. 
Seed treatment with different seed-borne fungi and biological 
agents Trichoderma greatly influenced the germination of S. 
vulgare seeds as compared to control (Table 3). Maximum 
average seed germination of 72.0%, growth in terms of shoo; t 
root length (78.3 cm, 15.2 cm) and dry weight of shoot; root 
(1.7678 gm, 1.075 gm) was recorded with combination of A. 
flavus+ T. harzianumas compared to A. fumigatus + T. viride, 
A. niger+ T. harzianum and A. terreus+ T. harzianum 
combinations respectively. Further, the population count of 
Trichoderma species after the experimental duration was 
found to be more in all the treatments as compared to the 
population count of Aspergillus spp. However in rest of the 
dual culture experiments both in pot trials and blotter test, the 
effect of T. harzianum on seed growth was much superior to T. 
viride and T. hamatum. 
In pot culture experiments, after 90 days of harvest, the higher 
population count of Trichoderma and correspondingly lower 
count of Aspergillus suggested that the former was inhibitory 
to the growth of the latter. Further, the population count of 
Aspergillus in combination with Trichoderma decreased 5-6 
folds in comparison to single inoculations with species of 
Aspergillus alone. This proves that both T. harziamum and T. 
viride are true antagonists (biological control agent) 
significantly suppressing the growth of Aspergillus.  
The possible reasons for microbial antagonism have been 
described by Dennis and Webster, Upadhyay and Rai and 
Fravel [15, 28, 29]. According to them, the occurrence of 
antagonism between the antagonists Trichoderma and 
Aspergillus could be as a result of mechanical obstruction to 
growth and hyphallysis, the production of antibiotics, pH 
changes and competition for nutrients. In the present study 
also microbial antagonism between Trichoderma and 
Aspergillus spp. could be attributed to some such mechanism 
operating within the system.   
The reasons for microbial antagonism has been previously 
work out by the following workers [17, 22]. According to 
them Trichoderma spp. treatment reduced seed colonization 
and root rot caused by pathogenic fungi and it was suggested 
in the form of antibiotics that inhibit the seeds-borne 
mycoflora. In the present study, the lower counts of 
Aspergillus spp. and Fusarium sp. in the rhizosphere of test 
seedling indicate the prevalence of some such mechanism 
operating inhibiting the growth of seed-borne mycoflora.  
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9.0 2.0 ±0.89 77.77 
Checking of growth 
at line of contact 
D 
A. fumigatus 9.0 2.1±0.38 75.71 Over growth B 
A. niger 9.0 2.5±1.02 71.42 
Checking of growth 
at line of contact 
D 
A. terreus 9.0 4.0±0.01 55.55 Over growth B 
Fusarium 
oxysporum 
9.0 3.2±0.50 64.66 
Checking of growth 






9.0 2.4±0.10 71.42 
Checking of growth 
at line of contact 
D 
A.fumigatus 9.0 2.3±0.05 74.28 
Checking of growth 
at line of contact 
D 
A.niger 9.0 3.2±0.80 64.44 
Checking of growth 
at line of contact 
D 
A. terreus 9.0 4.4±1.2 51.11 Over growth B 
Fusarium 
oxysporum 
9.0 2.8±0.25 68.88 
Checking of growth 





9.0 3.0±0.05 65.71 
Checking of growth 
at line of contact 
D 
A.fumigatus 9.0 2.9±1.00 67.77 
Checking of growth 
at line of contact 
D 
A.niger 9.0 4.1±0.02 54.28 
Checking of growth 
at line of contact 
D 
A. terreus 9.0 4.8±0.35 46.66 Over growth B 
Fusarium 
oxysporum 




There are many mechanisms suggested to clarify the role of 
antagonistic organisms in suppression of growth pathogens 
and thus to control diseases. Their action could be through 
antibiosis by Trichoderma metabolites, mycoparasitism, and 
competition for nutrients and/or space. Also, the other 
mechanisms involved are induction of resistance in plants 
Table-2:  Effect of Seed Pelleting of Seed-borne fungi and Antagonistic Fungi on Seed Germination and Growth of 
Sorghum vulgare (Blotter Test) 
Treatment Seed germination (%) Shoot length (cm) Root length (cm) 
Control (uninoculated) 57 4.8±0.64 3.4±0.07 
Aspergillus flavus alone 38 0.8±0.94 1.9±0.35 
A.flavus+T.harzianum 60 7.2±0.67 10.1±0.16 
A.flavus+T.viride 58 7.0±0.05 9.5±0.09 
A.flavus+T. hamatum  52 6.6±0.03 8.3±0.85 
Aspergillus fumigatus alone 40 0.9±0.84 1.1±0.01 
A.fumigatus+T.harzianum 56 6.3±0.68 6.3±0.54 
A.fumigatus+T.viride 50 5.8±0.45 3.3±0.94 
A.fumigatus+T. hamatum  44 4.6±0.32 6.0±0.15 
Aspergillus niger alone 33 0.5±0.25 2.9±0.24 
A.niger+T.harzianum 68 7.4±1.20 5.8±1.50 
A.niger+T.viride 61 7.2±1.39 5.3±0.22 
A.niger+T. hamatum  40 4.2±1.29 3.4±0.35 
Fusarium oxysporum alone 37 0.7±0.25 6.0±0.14 
F. oxysporum +T.harzianum  48 5.3±0.00 8.2±0.81 
F. oxysporum +T.viride 53 6.0±0.37 9.5±0.79 
F. oxysporum +T. hamatum  45 4.9±1.80 6.5±0.06 
Table-3: Effect of Seed Pelleting of Seed-borne fungi and Antagonistic Fungi on Seed Germination and Growth of 

















Dry weight  
(g) 
Control (uninoculated) 60 48.0±0.60 1.2215±0.62 10.9±0.70 0.702±0.85 - - 
Aspergillus flavus alone 31 32.2±0.93 0.8905±0.00 11.6±0.64 0.701±0.26 - 8.2±0.53 
A.flavus+T.harzianum 72 78.3±0.85 1.7678±0.09 15.2±0.10 1.075±0.14 35±0.042 1.5±0.62 
A.flavus+T.viride 57 64.2±0.60 1.5783±0.32 13.6±0.04 0.821±0.39 26±0.27 3.2±0.60 
A.flavus+T. hamatum   52 62.2±0.03 1.5450±0.22 12.0±0.25 0.792±0.40 20±0.00 4.2±0.45 
Aspergillus fumigatus alone 28 29.0±0.25 0.9032±0.54 9.90±0.96 0.673±0.25 - 11.5±0.32 
A.fumigatus+ T.harzianum  68 73.5±0.40 1.6801±0.15 16.1±1.00 1.004±0.60 38±0.25 1.2±0.30 
A.fumigatus+ T.viride 63 69.6±0.22 1.6514±0.59 15.7±0.20 0.983±0.78 32±0.13 1.9±0.21 
A.fumigatus+T. hamatum  48 58.1±0.50 1.4257±0.14 11.5±0.36 0.715±0.20 16±0.62 5.1±0.20 
Aspergillus niger alone 34 35.6±0.84 0.7651±0.62 10.0±0.22 0.503±0.01 - 7.0±0.92 
A.niger+T.harzianum 65 72.4±0.64 1.6720±0.35 15.0±0.94 0.924±0.94 36±0.74 1.6±0.76 
A.niger+T.viride 52 60.0±1.54 1.5303±0.00 12.8±0.10 0.724±0.14 22±0.35 4.0±0.28 
A.niger+T. hamatum  45 56.8±0.00 1.4026±0.84 11.2±0.00 0.690±0.00 15±0.02 5.8±0.30 
Fusarium oxysporum alone 32 33.8±1.00 0.6951±0.75 10.3±0.58 0.497±0.51 - 8.9±0.03 
F. oxysporum 
+T.harzianum  
53 61.3±0.56 1.5530±0.69 12.0±0.14 0.724±0.40 22±0.36 4.2±0.00 
F. oxysporum +T.viride 59 64.5±0.28 1.5872±0.56 14.8±0.25 0.910±0.25 28±0.15 2.7±0.07 




through increased of oxidative enzymes, i.e. 
polyphenoloxidase, peroxidase, enhanced lignifications, 
induction of pathogeneses related protein (PR-1), chitinase, 
chitobiosidase and β, 1-3, gluconase in addition to increase 
salicylic acid (SA) level in plants [9, 17, 29-42]. 
4) CONCLUSION 
On the bases of the above observations it can be concluded 
that management of seed-borne mycoflora of S. vulgare could 
be based on antagonistic effect of Trichoderma increase of 
plant growth under field conditions and significant reduction 
of seed-borne mycoflora. Also, the obtained bioagent T. 
harzianum proved to be a commercial biocide product, but this 
needs further studies on this fungal isolates before using in the 
biological control programs. 
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